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Foreword
Rapid urbanization in emerging markets has created new challenges for economic development and poverty reduction.
The need for more buildings, transport and other infrastructure has boosted demand for construction materials and especially cement, making it the centerpiece of the urban development agenda. In Sub-Saharan Africa, consumption of cement is expected to continue to grow over the coming decade.
To meet this demand, over a dozen new kilns were launched in Africa in recent years. At the same time, increasing output poses challenges for cement producers, who invest significantly in sourcing energy and fuel, primarily coal or natural gas. An alternative approach is to improve efficiency and implement new technologies -such as waste heat recovery and renewable energy -and utilize alternative fuels, which are already used by major players in the cement sector globally.
In IFC, a member of the World Bank Group, we have an investment portfolio in cement and construction materials of over $4.2 billion, and vast global experience in developing innovative solutions and leveraging best practices. For instance, we identify waste heat recovery opportunities as well as international best practices in the use of alternative fuels at cement plants.
In 2016, IFC launched an initiative to help increase the use of alternative fuels in the cement sector in Africa, with a focus on several countries, including Ethiopia. In this country, major cement producers are already using agricultural residue to offset coal which has become increasingly expensive. The capital, Addis Ababa, is a major urban area, generating over a million metric tons of waste each year. Growth of waste quantities resulted in overfilling of disposal sites, followed by a tragic landslide incident at the Koshe landfill earlier this year. The issue is recognized by the government, which is already looking at waste-to-energy solutions. Further, Prosopis juliflora, an invasive alien tree species that occupies more than one million hectares in one of the provinces, represents significant fuel potential.
Harvesting prosopis could also free up agricultural land and create much needed jobs.
This report summarizes the outcomes of the assessment of alternative fuel opportunities in the country, with a focus on sourcing energy from municipal, commercial and similar waste, tires, sewage sludge and agricultural residue.
It outlines the total potential as well as possible project models, involving linkages between the cement and waste management sectors. IFC has also assessed market barriers and offered measures that will increase the uptake of the use of alternative fuels.
We hope that this report will provide useful information to policymakers, cement producers, waste management companies, as well as investors and project developers to realize the untapped potential for the use of alternative fuels in the cement sector in Ethiopia.
milAgrOS rivAS SAiz
Global Head of Cross-Industry Advisory
Executive Summary
From August 2016 to March 2017, in collaboration with the Korea Green Growth Partnership, IFC conducted an assessment of opportunities to increase the use of alternative fuels (AF) in Sub-Saharan Africa (SSA). The assessment focused on countries with the highest demand for cement in the region: Kenya, Senegal, Nigeria and Ethiopia.
The assessment identified cement production clusters with high potential for substituting conventional fuels (primarily coal and natural gas) by co-processing these with fuels derived from waste streams. The assessment quantified opportunities for fuel substitution based on AF availability and the economic potential for fuel substitution. It also identified barriers to fuel substitution and measures for addressing these barriers. The AF considered in the assessment included refuse-derived fuel (RDF) produced from municipal solid waste (MSW), wood biomass and agricultural residue, sewage sludge (produced from wastewater), used tires and tire-derived fuel (TDF), used oils, and other similar wastes, where applicable.
In Ethiopia, the assessment focused on the Addis Ababa metropolitan area (including areas that are within 50 km of the city boundaries), where two thirds of cement production and a high proportion of waste generation is located.
Agricultural wastes, especially sesame husks, are already used as fuel by some of the producers. These producers are exploring opportunities to increase substitution. To achieve higher substitution rates, however, they will need to secure a consistent supply of AF at predictable prices that are lower than the current price of coal (around US$6.2/GJ in thermal equivalent).
The assessment shows that, with the creation of an enabling environment for private sector participation, cement companies could develop the infrastructure to source AF at a cost much lower than that of coal. Biomass, RDF and TDF represent the highest thermal energy potential. Cement players are emphasizing the use of Prosopis juliflora (PJ), an invasive species that currently occupies over 1.2 million ha of land in the Afar region. While assessed technical potential is tremendous, there may be risks associated with sourcing of PJ. These risks call for diversification of the fuel supply, including the use of RDF/TDF. Sewage sludge is not currently produced at required volumes, and infrastructure for producing bulk volumes of dry sludge is only planned to be developed in the next 3-5 years.
Total investment required by cement producers is estimated to be up to US$40 million. This is based on up to around US$20 million for cement kiln upgrades (US$5 million for each of the four companies in the Addis Ababa cluster), a US$10 million contribution towards establishment of a MRF that produces RDF and TDF (assuming that the cement sector contributes up to 50% of total required investment of US$20 million, in order to secure supply and control prices), and a US$10 million investment in a PJ processing facility. This investment will pay back in 3-4 years.
To support realization of this opportunity, cement producers need to secure AF supply at predictable prices that remain below the current price of coal (around US$6.2/GJ in thermal equivalent). The establishment of an efficient waste management system is therefore critical, as proven by global experience. This is, however, hampered by the current poor state of basic waste collection and transport infrastructure, and a lack of incentives for private participation in waste management projects.
Globally, while cement producers tend to co-invest in AF production facilities, they are typically reluctant to invest in or support basic waste management infrastructure -this is a non-core business that imposes additional risks on operations. 
Implementation of concepts such as Extended Producer
Responsibility is also essential. This is one of the key mechanisms for ensuring that the total cost of waste is covered by payments from 'polluters', including indirect payments through the cost of goods. Implementation will contribute towards creating a favorable environment for investors, including local and international private sector waste management service providers, financial institutions and cement companies. 
Background and Objectives
National and local governments are faced with the challenge of creating modern urban infrastructure that supports sustainable growth of cities by reducing their environmental footprints. In Nigeria, for example, the total amount of MSW generated is expected to reach more than 100 million t/year by 2020, almost double the recorded volumes in 2010. To assess the potential for AF projects, the following assumptions were made:
(1) Based on waste composition data, assumptions were made as to the physical properties of key waste streams, their calorific value and amount of available fuel (such as rdF or tdF) -see Annex 1 for details;
(2) it was assumed that certain modifications would be performed on the cement kilns in order to maximize fuel substitution rate and burn AF (as specified in Annex 1); the cement industry is therefore focusing on reducing thermal fuel costs by substituting conventional thermal fuels with lower cost AF arising from waste streams. key waste streams that can be used as AF are plastic, biomass, tires, and solid industrial and household waste. these streams make up approximately 60% of AF used by major global cement producers.
3 Electricity needs vary from 90 to 120kWh/t of cement produced. 4 Wet processes involve grinding raw materials in water to form a slurry, which is fed either directly into the kiln or to a slurry drier. Semi-wet processes involve dewatering raw slurry in filter presses; the filter cake is pelletized and fed to either a grate preheater or a filter cake drier. Semi-dry processes involve pelletizing raw material with water and feeding the mix into a grate preheater or to a long kiln. Dry processes involve grinding and drying raw materials to form a flowable powder, which is fed into the preheater or precalciner. Globally, most large producers' plants have achieved a substitution rate of 10-30%, with some plants reaching 100% substitution.
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European countries have advanced significantly, averaging 18% and reaching as high as 85% substitution.
Poland's fuel substitution rate has grown rapidly, from a negligible contribution in 1998 to over 60% in 2016. Some plants have achieved a rate of 85%. AF co-processing capacity, primarily for RDF, of 1.5 million t/year has been installed; this capacity is expected to grow to approximately 2 million t/year. This capacity draws on municipal waste production of 15-20 million t/y.
Factors contributing to Poland's rapid AF substitution growth
Poland's strong growth in AF substitution, to over 60% in 2016, was supported by a range of factors, as set out below.
Successive increases in landfill tax:
-Adoption of a tax in 1998 prompted greater interest in AF (previously substitution had focused on hazardous wastes, which were forbidden to be disposed of at landfill sites); Therefore, the development of integrated solid waste management systems in African cities would be the major factor fostering the use of AF. However, experience from emerging markets also shows that, in the medium term, it may be possible to create a market environment and structure projects specifically in the AF space with more proactive participation of the cement sector. Such scenarios and opportunities are explored in the remainder of this report.
10 Source: Italcementi Annual Report 2015.
11 Source: CEMEX, 2015 Sustainable Development Report.
the Cement Sector in Ethiopia:
The 14 AF substitution potential depends on a range of factors, including waste availability, sourcing cost, and distance from the cement plants; each case must be assessed separately (see Section 2 of the report and Annexes 2-4). 14 Currently, the cement industry uses predominantly coal for its thermal energy needs. Most of the coal is imported from South Africa. The resulting cost at the plant has been steadily increasing and was within the range of US$160-180/t, which translates to at least US$6.2/GJ in thermal equivalent. Some players reported a price of up to US$200/t in 2016, translating to US$7.8/GJ.
A more conservative estimate of US$6.2/GJ will be used for further analysis.
Certain cement producers are using agricultural wastes and all major cement companies aim to increase use of AF to substitute coal. The use of tires, waste oils and other industrial wastes is limited and MSW/RDF is not used at all.
All major players are seeking to offset costly coal with alternatives.
National Cement is piloting use of sesame husks and rice husks.
Messebo Cement has already made the modifications necessary to use sesame husks as fuel on a large scale. The equipment and machinery installed is designed for 40% heat replacement with the prospect to rise to 60%. 15 Further sourcing of agricultural residues may, however, be associated with additional cost and potentially increased risk of access to fuel. A detailed analysis of the AF sourcing potential is provided in the next section. Further analysis will be focused on the Addis Ababa area, which shows the highest thermal energy demand, along with the greatest untapped potential fuel substitution. A WTE plant currently under construction at Repi, the primary disposal site serving Addis Ababa, is expected to utilize approximately 360,000 tons/year, based on its planned peak electricity output of 25MW (an additional processing line of 25MW capacity may be installed in future). With this site fully in operation, over 600,000 t/year of waste will remain untreated. In Addis Ababa, most solid waste is disposed of at Repi dumpsite. 25 Repi is associated with many environmental, social and operational problems: it has exceeded its capacity, is surrounded by residential areas, and has no leachate collection or treatment system, no rainwater drain, no fence and no waste weighing system. Over 300 informal waste pickers sort remaining valuable items such as unbroken glass bottles and scrap metals.
A new sanitary, engineered landfill was constructed in Sendafa (35 km from Addis Ababa) in order to replace Repi. The launch of the new landfill site is, however, being delayed due to challenging consultation with local communities.
For the purpose of the assessment, it is assumed that the total amount of municipal and similar solid waste available in the Addis Ababa area by 2020 at the current rate of collection will be up to 700,000 t/year (excluding the amount consumed by the WTE facility). Based on the assumed waste composition, this 28 Source: Afar Regional Government Pastoral Agriculture Bureau.
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translates into the potential for generating up to 240,000 t/year of RDF and 3.8 million GJ/year of thermal energy, which is up to 20% of the total forecasted thermal energy demand in the cement sector.
wOOd BiOmASS And AgriCUltUrAl rESidUE
Wood biomass and agricultural residue offer promising sources of AF. Ethiopia's agricultural sector is well developed -it is the largest producer of coffee in SSA, and amongst the largest producers of wheat and maize in the region. Residue from maize, wheat, and sorghum together represent a technical potential of 27 million t/year. Currently, this agricultural residue is used primarily by rural households for cooking (as available given crop seasonality). However, the most biomass-to-fuel potential is represented by PJ, an invasive species occupying around 1.2 million ha in the Afar region. 27, 28 The total amount of biomass from PJ is estimated at 21 million t/year (based on an estimated yield of 17.8 tons/ha) and much of it would be available within 100-200 km from the Addis Ababa cement cluster.
Much analysis has been conducted on the use of PJ as a fuel source. The calorific value of PJ is estimated at 4,200-4,500 kcal/kg of biomass (or up to 17GJ/t), indicating a total energy potential of over 300 million GJ/year. Harvesting of PJ would also result in significant benefits. PJ is an invasive species that causes severe environmental degradation, and harvesting it would support greater biodiversity and enable crop and livestock production by local communities using cleared space.
Negotiations have been in progress to secure access to the PJinvaded areas, in order to bring in harvesting equipment and processing facilities to produce fuel for the cement companies.
As at May 2017, however, no projects had been implemented on a large scale. Given the attractiveness of PJ, this assessment focuses on PJ as the primary source of AF derived from wood biomass or agricultural residue.
While agricultural residue is available across the country, the largest quantities are available from PJ in the Afar region. For the purpose of this assessment, it is assumed that up to 10% of the PJ residue can be immediately accessed via cement supply routes (i.e. by cement trucks that would deliver the fuel to the plants), resulting in up to 30 million GJ/year technical thermal potential being available.
wAStEwAtEr And SEwAgE SlUdgE
Addis Ababa is the only city with a centralized sewerage network, however, the network covers only 13% of the city. Sewage collected at catchment areas is estimated at 8.2 million tons/day.
The sludge is left to be digested anaerobically. The lagoons are emptied and dried sludge removed on a staggered basis every 10 years.
The WWTPs have capacities of up to 12,500 m 3 /day. All of the plants use biological waste stabilization pond technology. The Kality plant has a design treatment capacity of 7,500 m 3 /day and will be upgraded to 100,000 m 3 /day at an estimated cost of US$15 million (expected by 2025). The plant in Chefe has a potential treatment capacity of 12,500 m 3 /day. These quantities suggest a thermal energy potential of up to 2-3 million GJ/year from dry sludge. These quantities, however, are unlikely to be available in the next 5-7 years or beyond, as significant expansion of the sewerage network will be required to produce sludge at full planned capacity. 29 Interview with Addis Ababa City Water and Sewerage Authority, 2016. Once an integrated waste management system has been established, it may become feasible to establish formal waste tire collection and processing infrastructure (including joint processing facilities with MSW).
This would make tires a viable source of AF, at an estimated 1 million GJ/year.
SUmmAry OF pOtEntiAl
The assessment suggests that major technical opportunities for the use of alternative fuels are associated with the use of PJ and MSW concentrated in the Addis Ababa area. Tires and TDF may also represent potential once a collection system has been put in place.
The total technical thermal energy potential for the Addis Ababa area is estimated at 35 million GJ/year. Coordinates various environmental protection stakeholders.
Oversees and controls the disposal of municipal and industrial waste and by-products.
Approves licences for various manufacturing and service industries based on relevant environmental declarations. 
Description
All urban administrations shall ensure the collection, transportation, and, as appropriate, the recycling, treatment or safe disposal of municipal waste through the institution of an integrated municipal waste management system.
Each household shall ensure that recyclable solid wastes are segregated from those that are destined for final disposal and are taken to the collection site designated for such wastes.
Urban administrations shall ensure that adequate household solid waste collection facilities are in place.
It is prohibited to dispose of litter on streets, waterways, parks, bus stops, train stations, sports fields, water bodies in urban areas or in other public places while litter bins are available.
The manufacturer or importer of glass containers or tin cans shall develop and implement a system that enables it, on its own or through other persons, to collect and recycle used glass containers or tin cans.
Food industries and restaurants shall collect, store and dispose of the food-related solid wastes they generate in an environmentally sound manner.
Restaurants shall design and implement SWM systems in accordance with directives issued by the concerned 
Urban administrations shall set the standards to determine the skills of drivers and equipment operators and prevent overloads of solid waste.
Each urban administration shall, in conformity with the relevant federal environmental standard, ensure that solid waste disposal sites are constructed and properly used.
The owner of any solid waste disposal site shall, regardless of fault, be liable for any damage caused to the environment, human health or property in the course of its operation and after its closure.
The generation, keeping, storage, transportation, treatment or disposal of any hazardous waste without a permit from the Authority or the relevant regional environmental agency is prohibited.
Any person engaged in the collection, recycling, transportation, treatment or disposal of any hazardous waste shall take appropriate precaution to prevent any damage to the environment or to human health or well-being.
Any person should obtain a permit from the concerned body of an urban administration prior to his engagement in the collection, transportation, use or disposal of solid waste.
In addition to the proclamations, the Environmental Policy of Ethiopia, issued in 1997, refers to waste management either directly or indirectly:
Article 3.7 addresses issues related to human settlement, urban environment and environmental health;
Article 3.8 addresses issues related to the control of hazardous materials and pollution from industrial waste; and Article 3.9 addresses atmospheric pollution and climate change.
Regional SWM legislation and regulation essentially follow national policy. 
Waste management tariffs -a snapshot
Waste collection charges in Addis Ababa are reported to be added to water bills:
• MSW is charged at 20% of the water bill for households and 40% for organizations;
• Wastewater collection and treatment service fees are included in drinking water accounts, at approximately 4-5% of water accounts in 2016 (an increase to 50% in the short-term is planned).
Waste services in Mekelle are charged at varying rates from 2 birr/year for low-income households to 26 birr/year for high-income households (US$0.08-US$1).
In Dire Dawa, collectors gather waste from households 2-3 times per week at a charge of 10 birr/month (US$0.4).
A gate fee is charged at Repi dumpsite of 15 birr/ton of waste (US$0.6). The current framework and enforcement practices create the following issues and challenges:
• In many cases, waste management services are provided as a social service: the cost is recovered on the basis of household incomes and/or other utility bills, rather than linked to the quantities of generated wastes (added to the fact that metering and measurement of waste volumes is not universally done and reporting has significant gaps);
• The payments recovered from 'polluters' contribute to around 30% of the total estimated cost of collection, transportation and treatment of waste. The rest is being subsidized by the government, often irregularly and incompletely, despite the fact that the budget for waste management services has been increasing over the past few years;
• Historically, the sector has been dominated by small-scale municipal companies and mini-and micro-entrepreneurs This will result in the sector becoming more attractive for private players, including cement companies. The impact of some of these barriers on the cost of sourcing key types of AF and economic feasibility of such projects is explored in the following section.
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Economic potential for the use of Alternative Fuels
In the context of Ethiopia, and specifically in the Addis Ababa area, to utilize the RDF potential fully, material recovery facilities will need to be built. Assuming a total capacity of up to 1 million t/year of MSW, these facilities would be able to produce up to 240,000 t RDF per year and will require CAPEX of up to US$20 million, with TDF production requiring up to US$1 million more. 33 See Annex 2 for detailed MRF characteristics and assumptions.
34 See Section 2 and Annexes for details on the cost structure.
In this case, the total cost of sourcing RDF would be US$4.2/GJ, accompanied by the risks of waste supply security, since the waste collectors will not be able to recover the cost of building and operating proper collection and transportation infrastructure.
However, even with these additional costs and risks, AF projects would still be viable under this scenario, as RDF would be 30%
cheaper than coal. Investment in establishing waste collection and transportation infrastructure is estimated at US$30 million. If cement companies (in cooperation with large-scale private waste management operators) took on 50% of this cost as well as 50%
of MRF costs, the total investment amount would be up to US$45 million, paying back in 6-7 years due to fuel cost savings. The cost of sourcing PJ is relatively low -as this type of fuel is accessible in bulk quantities and supply is highly concentrated, cement trucks can be used for transporting the biomass fuel to the kiln. Based on the processing cost alone, the estimated cost of sourcing PJ would be US$2.5/GJ, which is around 2.5 times lower than that of coal. A standalone PJ project would require CAPEX of an estimated US$10 million, paying back in around 3 years. Given the estimated quantities of tires, it makes economic sense to recycle tires and produce TDF at a combined facility, which is assumed to require US$20 million in capital investment for both RDF and TDF production. In the case of a standalone TDF facility, capital investment is estimated at US$1 million, while the cost of sourcing of TDF would be US$2.2/GJ, resulting in a 2-3 year payback period. The main issue for unlocking TDF potential is, however, access to fuel, as the infrastructure for separate collection of tires is virtually non-existent. It can be assumed that establishing a RDF production framework will also boost TDF production. Assumptions on the properties of source waste streams, pre-processing requirements and corresponding modifications to the cement kiln. Lower heating value (LHV) calculated based on reported higher heating value (HHV). Change in CO 2 emissions assumes that biomass is carbon-neutral; negative values represent a net reduction in emissions.
Technical, operational and economic assumptions on waste management facilities involved in production of alternative fuels.
sET OF AssUMPTIONs
Located very close to or on a major dumpsite.
Capacity: up to 0.5 million t/year MSW.
The MRF will have the capacity to perform the following operations:
-Receiving of waste.
-Manual removal of large items.
-Bags knife splitter.
-Magnetic separation.
-Primary shredding.
-Second magnetic separation, trommel screen separation, air or ballistic separation.
-Thermal drying to reduce moisture to 10%.
-Secondary shredding to the required product fineness of 30 mm and possible pelletizing of product to 12 mm (if needed).
-Drying will be performed using open chamber firing in a rotary drum as the gas available from the landfill is not adequate or available.
The operating hours of the facility are 8,000 hours/year.
Electricity consumption: 30 kWh/t of waste at an electricity price from the grid of 0.1 US$/kWh.
Cost of fuel for moving machinery (cars, pickups, forklifts and front loaders): 0.7 US$/t of MSW.
Operation and administration costs: US$3 million/year.
Maintenance costs: 20% of the operation and administration costs.
Insurance: US$0.5 million.
Total operating (OPEX) fixed costs: ~ US$4-5 million/year.
Total operating (OPEX) variable costs: ~ US$13 million/year.
CAPEX: up to US$10 million.
Economic life: 20 years.
Plant capacity (wet input): 30,000 t/year.
The moisture of wet sewage sludge is considered 60% (average) and the plant will have the ability to dry the sludge to 5% moisture content.
The operating hours of the plant are 8,000 hours/year.
Electricity consumption: 300 kWh/t of dry product at an electricity price from the grid of US$0.1/kWh.
Cost of fuel for moving machinery: US$0.7/t of wet sludge.
Total operating (OPEX) fixed costs: ~ US$1 million/year.
Total operating (OPEX) variable costs: ~ US$1.7 million/year.
CAPEX of the plant: US$8-10 million.
Economic life: 20 years. End-of-life tires will be shredded to a size of 5-30 mm so as to be suitable for co-firing as AF by the cement industry.
The plant will have the ability to handle any size and type of tires.
From the large tires, the central steel cord will be removed, then will be cut and directed to the shredder. The small tires will be shredded directly in the primary shredder. Any oversize pieces of tires will be recycled for re-shredding.
The operating hours of the plant are 8,000 hours/year. Capacity: 40,000 t/year.
Agricultural residues will be shredded to a size of 5-30 mm so as to be suitable for co-firing as AF by the cement industry.
The plant will have the ability to handle any size and type of agricultural residues.
Sieving will be performed so that any slides of material not shredded will return for re-shredding.
Large trunks will be cut into sizes of up to 500 mm before being fed to the primary shredder. Straw, etc. will be fed directly to the shredder.
The operating hours of the plant are 8,000 hours/year. 
